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Many thanks for the opportunity to speak to you today!

This talk is dedicated to essential workers, who have
sustained us in the COVID-19 pandemic.
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| Work on the Modeling of Network Systems
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Much of My Recent Research Has Been on Supply Chains
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A Multidisciplinary Approach

In our research on perishable and time-sensitive product supply
chains, we utilize results from physics, chemistry, biology, and
medicine in order to capture the perishability of various products
over time from healthcare products such as blood, medical
nucleotides, vaccines and pharmaceuticals to food.
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Some of the Supply Chain Network Topologies

Applications to pharmaceutical supply chains, blood and medical
nuclear ones.
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Research on Quality is Related to That on Perishability

Springer Series n Supply Chain Management

Competing

on Supply
Chain Quality

Recent US Government investigation report suggests Emergent
Biosolutions destroyed almost 400 million doses of COVID-19
vaccine due to failure to meet or maintain quality standards. It
also worked to conceal quality issues from the FDA.
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In the book, we present supply chain network models and tools to
investigate, amongst other topics, information asymmetry, impacts
of outsourcing on quality, minimum quality standards, applications
to industries such as pharma, freight services and quality, and
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Vaccine Supply Chain Components and Exporters

Share in global exports (%), 2018

Cold boxes: China
14.7%, Germany
12.6%, France 6.9%

Dry ice: Netherlands
15.4%, Israel 12%,
United States 8.8%

Adjuvants

(e.g. aluminium salts):
Mexico 11.4%, China
11.1%, Turkey 9.1%

Vaccine carriers:
United States 17.7%,
Germany 14.2%,
Mexico 11.9%

Freezers: China 67%,
Italy 3.5%,
Romania 3.5%

Stoppers: Germany
17%, China 11.1%,
Poland 6.7%

Figure: Top exporters of items needed in the production, distribution and

Preservatives
(e.g. thimerosal):
Germany 17.2%,
Argentina 13%,
India 12%

Stabilisers

(e.g. sorbitol): France
36.4%, China 13.3%,
Germany 12.5%

Antibiotics

(e.g. neomycin): China
23.1%, Switzerland
17%, Italy 9.4%

Vials: China 17%,
Germany 13%,
Italy 8.7%

Syringes: United
States 14.5%, China
11.2%, Germany 9.6%

administration of vaccines, OECD

Anna Nagurney

Needles: United
States 21.4%, Ireland
13.5%, Mexico 11.3%
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It's All About People

A major research theme of ours in the COVID-19 pandemic is the
inclusion of labor in supply chains, using optimization and game

theory.

NEWS FEATURES PODCASTS
In the End, It's All About People

COVID-19 vaccine production reveals dependency on supply chains, labor
workforce in the U.S.

By Anna Nagumey
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Research and Publications

In a series of papers we constructed supply chain network models
with labor that included productivity factors and constraints on
labor in order to identify the impacts of disruptions and to suggest
possible mitigation procedures.

Supply ¢

under labor

Covid-19 pandemic
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Supply Chain Model with Different Labor Constraints
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Game Theory Supply Chain Network Model with Labor

Production

Transportation

Storage

Demand Markets
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Supply Chain Models with Different Labor Constraints

Our findings include:

1.

Lack of labor in a single supply chain link, even in a
freight service one, can have major negative impacts on
supply chain network product flows and prices.

. Having appropriate healthcare pandemic mitigation

processes and procedures in place is essential to
continuing operations. With even one manufacturing plant
closed, the prices can rise at the demand markets.

. Reduction in labor availability can result in a significant

increase in product prices at the consumer level.

. Even in the case of reduced labor availability, having

alternative distribution channels can be very helpful.

Having the flexibility of labor being able to be
reallocated across supply chain network activities can
enable enhanced profits.
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Resilience of Supply Chain Networks with Labor

FRAGILE NETWORKS

Anna Nagurney / Qiang Qiang
WWILEY

How to quantify the resilience of a supply chain network in
general and, specifically, with respect to disruptions in labor
availability and productivity.

Anna Nagurney Supply Chain Networks, Labor, and Resilience



Resilience of Supply Chain Networks with Labor
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Resilience of Supply Chain Networks with Labor

Supply chain network efficiency measures for networks with labor
and associated bounds on labor availability are introduced in both
optimization and game theory contexts and two resilience measures
with respect to (1) labor availability disruptions and (2) labor
productivity disruptions.

Solving multiple distinct supply chain network examples, we
find:

(1). a free movement of labor across the supply chain network
results in a higher efficiency of the supply chain as well as a higher
resilience;

(2). a reduction in labor productivity can impact the supply chain
network efficiency and the corresponding resilience, and

(3). the presence of electronic commerce escalates the efficiency of
the supply chain network but diminishes resilience.
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More information on our work can be found on the
Supernetwork Center site.
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The Virtual Center for Supernetworks is an interdisciplinary center at the
Isenberg School of Management that advances knowledge on large-scale networks and
integrates operations research and management science, engineering, and economics. Its
Director is Dr. Anna Nagurney, the John F. Smith Memorial Professor of Operations
Management.

Mission: The virtual Center for Supernetworks fosters the study and application of
supernetworks and serves as a resource on networks ranging from transportation and logistics,
including supply chains, and the Internet, to a spectrum of economic networks.

The Applications of Supernetworks Include: decision-making, optimization,
and game theory; supply chain management; critical infrastructure from transportation to
electric power networks; financial networks; knowledge and social networks; energy, the
environment, and sustainability; cybersecurity; Future Internet Architectures; risk

management; network vulnerability, resiliency, and performance metrics; humanitarian
logistics and healthcare.
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https://supernet.isenberg.umass.edu/
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